This study describes the association between percent body fat and pulmonary function among apparently normal twenty male children tidal volume aged 4 years and twenty male children aged 10 years in Ogbomoso. The mean functional residual capacity of the lung in male children aged 10 years was significantly higher than in male children aged 4 years (P<0.05). The mean tidal volume-functional residual capacity ratio were 0.32 ± 0.04 (SD) and 0.23 ±0.02(SD) in male children aged 4 years and 10 years, respectively. There was no significant difference between the mean tidal volume -functional residual capacity ratio in both age groups (P > 0.05). The mean percent body fat were 11.74% and 6.76% in male children age 4 years and 10 years, respectively. The mean percent body fat was significantly higher in male children aged 4 years than male children aged 10 years (P<0.001). There was a weak nonsignificant positive correlation between the functional residual capacity of the lung and percent body fat (r = 0.30; P= 0.05) in male children aged 10 years while a high significant positive correlation was observed between the functional residual capacity of the lung and percent body fat (r= -0.68;P=0.05) in male aged 4 years. The fact that the correlation between percent body fat and tidal volume-functional residual capacity ratio was high and s ignificant (r = 0.76;P=0.001) suggests that the ratio might serve as an excellent marker to differentiate the nutritional state in both age groups in non-disease states (Afr. J.
INTRODUCTION
Reduced pulmonary function is an important predictor of mortality in the general population (Friedman et al 1976; Schunemann et al 2000) . Analysis for the values of lung subdivisions including total lung capacity (TLC), residual volume (RV) and functional residual capacity (FRC) demonstrated that standing and sitting height were the best predictors of lung volumes (Mary et al 2000) .
Normal lung growth and development during intrauterine period and childhood are important for reaching maximum attainable adult lung function (Stratchan, 1997) .
It is well recognized that the sex and ethnically appropriate reference values are essential for interpreting lung function tests both clinically and in research studies (Stocks and Quanjer, 1995) . Availability of appropriate reference value is essential for meaningful interpretation of the results of any pulmonary function tests (Stocks and Quanjer, 1995) .
Lung volumes are also considerably influenced by the amount of body fat: gross: obesity decreases the total and chest wall compliance (Sharp et al 1964) and thus diminishes expiratory reserve volume and functional residual capacity (Emirgil and Sobol, 1973; Ray et al 1983) .
There are as yet no prediction equations which span the whole age range from childhood to old age (Ghio et al 1990; Patishall, 1990; Sitarama et al 2004) . The majority of prediction equations have been calculated by the traditional linear regression equation method, a model first described by Hutchinson in 1846 which remains popular primarily on account of its simplicity. There is a clear evidence for the influence of sex, ethnic origins and age/development stage as determinant of lung volume in school age children and adults (Rahman et al 1990; Quanjer et al 1993) which should not be ignored.
The most important applications of anthropornetry at field level include biological anthropology, epidemiology, clinical applications and metabolic research (Solomon et al 1993) . Measuring skin fold thickness at four sites ( triceps, subscapular and iliac crest) that quantify subcutaneous adipose tissue thickness on the limbs and trunk can make an accurate assessment of body fat (During and Wormersley 1974; Oe et al 1998; Kopple et al 1999) . The best estimators of body density in children and adolescents were log sigma four skin folds and combinations of BMI and tricep skin fold (Sarria et al 1998) .
To date, the association between percent body fat and pulmonary function has not been reported among apparently normal male children residential Ogbomoso, Nigeria. This study aims to identify a possible pulmonary marker, which when used in conjunction with percent body fat could help differentiate the nutritional state of male children aged 4 years from male children aged 10 years in Ogbomoso in view of perceived decrease in percent boy fat in Nigerian children as age increases.
MATERIALS AND METHOD

Study population
Participants used in this study were twenty male school children aged 4 years and twenty male school children aged 10 years who are attending a public primary school in Ogbomoso, Nigeria. Ogbomoso is the second largest in Oyo State, Nigeria. The children were enrolled into study after from permission from the Head master and their teachers. All the children are Yoruba children resident in Ogbomoso, Nigeria
Anthropometric measure
The height of each child was measured using a ruler with each child standing feet without shoes, back and heel against a vertical ruled bar according to a standard procedure (Whitney et al 1998) . The weight of each child was measured in light clothing without shoes (Watts et al 2003) u sing a bathroom scale. The tricep skinfold thickness was measured over the left tricep muscle at a level midway between the acromnion and oleoranon process with the arm hanging down at the side (Taylor et al 1996) using a vernier caliper(Holtain Ltd, UK). The subscapular skin fold thickness was measured just below the tip of the scapula (Lohman, 1984) . The tricep and subscapular skinfold thickness of each child was convered to percent body fat using a modeling equation (Slaughter et al 1988) .
The functional residual capacity of the lung of each child was estimated by a functional residual capacity modeling equation (Parker et al 2003) .
For males less than 1.626 metres FRC = [0.02394 x stand height (cm) ] +(-1.716) where FRC is the functional residual capacity of the lung.
For males greater than 1.626 metres
The tidal volume for the lung of each child was assessed using a tidal volume modelling equation reported by the same investigator (Parker et al 2003) . Log TV = [1.8643 x log stand height (cm) ] -1.3956 TV = log -1 x where TV = tidal volume.
Statistical analysis
Student's t-test was used for statistical analysis. P-values less than 0.05 or 0.001 were considered significant.
RESULTS AND DISCUSSION
Skin fold thicknesses are commonly measured in clinical and field settings for the assessment of percent body fat because the method is simple to perform and low in cost (Heymsfield et al 1990) . Two of the most widely used skinfold thickness equations are those developed by Durnin and Wormersley, and Jackson and Pollock (Durnin and Wormersley, 1974; Jackson and Pollock 1978) .
Previous studies have explored the predictive accuracy and precision of the Jackson and Pollock, and Durnin and Wormersley equations in different populations (Carey, 2000; Piers et al 2000; Lanham et al 2001) . Only two equations were developed specifically for children and adolescents (Brook, 1971; Slaughter et al 1988) .
The present study, the first of its kind on the subject, demonstrates unequivocally for the first time, that percent body fat correlates highly and significantly with a pulmonary parameter (tidal volume-functional residual capacity ratio) (r=0.76;P=0.001) in male children aged 4 years in Ogbomoso. The fact the correlation was high suggests that tidal volume-functional residual capacity ratio when used in conjunction with percent body fat might serve as an excellent marker to differentiate the nutritional state in both age groups in non-disease states.
The mean tidal volume-functional residual capacity ratio (TV/FRC) was 0.32 ± 0.04 (SD) in male children aged 4 years while that of male children aged 10 yeas was 0.23 ± 0.02 (SD) (table 1).There was no significant difference in the mean tidal volume-functional residual capacity ratio in both age groups (P> 0.05). The present study also demonstrates unequivocally, for the first time, that a weak positive association (r = 0.30; P = 0.05) which was not significant existed between percent body fat and functional residual capacity in male children aged 10 years while a high negative correlation was observed between percent body fat and functional residual capacity in male children aged 4 yeas resident in Ogbomoso who are of Yoruba origin ( r = -0.68; P = 0.05) (table 2).
The tidal volume in male children aged 10 years ranged from 307.61 to 380.54ml while the tidal volume in male children aged 4 years ranged from 168.66 to 218.07ml as shown in table 1. The functional residual capacity ranged from 1284.00 to 1716.00ml in male children aged 10 years, and from 468.00 to 852.00ml in male children aged 4 years. (Table 1) .
Table 1:
The physical, pulmonary and nutritional parameters of male children respondents aged 4 and 10 years Male (10 year) n = 20 Male (4 year), n = 20 mean age ± SD (years) mean weight ± SD kg) mean height ± SD (m) mean BMI ± SD (kg/m 2 ) mean tricep skinfold thickness ± SD (mm) mean subscapular skin fold thickness ± SD (mm) percent body fat ± SD (%) range of body fat mean tidal volume ± SD (ml) range of tidal volume ± SD (ml) mean FRC ± SD (ml) range of FRC ± SD (ml) TV/ FRC ± SD range of TV/ FRC FRC/TV ± SD mean of FRC/TV 10.00 ± 0.00 27.16± 3.97 1.34 ± 0.05 15.42 ± 1.62 5.24 ± 1.49 4.71 ± 1.03 6.76 ± 2. 
TV indicates tidal volume; FRC indicates functional residual capacity; TV/FRC indicates tidal volume -functional residual capacity ratio; FRC/TV indicates functional residual capacity -tidal volume ratio and BMI indicates body mass index.
Table 2:
Pearson's correlations between percent body fat and pulmonary parameters in apparently normal male children respondents aged 10 and 4 years in Ogbomoso.
Male ( The TV/FRC ratio ranged from 0.18 to 0.25 in male children aged 10 years and from 2.49 to 3.59 in male children aged 4 years.
The percent body fat ranged from 6.45 to 23.42% in male children aged 4 years and from 3.8 to 9.8% in male children aged 10 years. The mean percent body fat were 11.74% and 6.76% in male children aged 4 years and 10 years, respectively. The mean percent body fat was higher in male children aged 4 years than female children aged 10 ,ands the difference was significant(P < 0.001). This indicates that male children aged 4 years had a better nutrition than male children aged 10 years .
The values predicted in the present study for the mean percent body fat for male children aged 4 yearts and male children aged 10 years resident in Ogbomoso,Nigeria were obtained using a modelling equation of Slaugher et al (1988) . The value of present body fat (11.74%) was obtained for male children aged 4 years in the present study , a value similar to that of male children with the age range (20 -29 years) reported elsewhere (Taylor et. al) for male Nigerians resident in Ibadan (the largest City in Oyo State ,Nigeria) who adopted a different modelling equation of Brozek(1991) .
Skinfold anthropometry is a well established clinical method for measuring body fat (Alpiers et al 1995) . About one half of the body's fat content is found in the subcutaneous layer (Chumlea et al 1998) . Measuring skinfold thickness at four sites (triceps, biceps, subscapular and iliac crest) that quantify subscapular adipose tissue thickness on the limbs and trunk can make an accurate assessment of body fat (Durnin and Wormersley, 1974; Oe et al 1998; Kopple et al 1999) .
A single skinfold thickness may still be valuable provided standards appropriate to the ethnic groups are used (Prijatmoko and Strauss, 1995) . The field setting, as district from clinical and laboratory settings, relates to the study of populations and sub populations (Solomons and Mazariegos, 1995) .
In conclusion, a pulmonary parameter (tidal volumefunctional residual capacity ratio) when used in conjunction with percent body fat assists in the differential prediction of the nutritional state in nondisease states of male children aged 4 years and male children aged 10 years resident in Ogbomoso, Nigeria.
